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ObJective: The developmental status of children beyond 3 years of age after 
the neonatal arterial switch operation has not yet been systematically 
evaluated and is the topic of the present work. Methods: Seventy-seven 
unselected children operated on as neonates with combined eep hypother- 
mic circulatory arrest and low-flow cardiopulmonary b pass were examined 
at an age of 3.2 to 9.4 years (5.4 -+ 1.6 years, mean _ standard eviation). 
Clinical neurologic status, standard scores of intelligence, acquired abili- 
ties and vocabulary, and standardized tests on gross motor and fine motor 
functions were carried out, and the results were related to preoperative, 
perioperative, and postoperative status and management. Results: Neuro- 
logic impairment was more frequent (9.1%) than in the normal population. 
Intelligence was not different in these patients compared with normal 
children (p = 0.11), but motor function, vocabulary, and acquired abilities 
were poorer. Reduced intelligence was found in 9.1%, fine motor dysfunc- 
tion in 22.1%, and gross motor dysfunction in 23.4% of the children. 
Intelligence was weakly but significantly inversely related to the duration of 
bypass (Spearman correlation coefficient-0.25, p = 0.03) and tended to be 
inversely related to the duration of circulatory arrest (-0.21, p = 0.07), but 
not to core cooling time on bypass or degree of hypothermia. Gross motor 
function, vocabulary, and acquired abilities were not significantly related to 
any of the perioperative parameters considered. No correlation was found 
between the test results and the variables perinatal asphyxia, perioperative 
and postoperative cardiocirculatory insufficiency, resuscitation events, and 
plexal or intraventricular cerebral hemorrhage. Conclusions: The neonatal 
arterial switch operation with combined circulatory arrest and low-flow 
bypass in our experience is associated with neurologic as well as fine and 
gross motor impairment but appears to be well tolerated concerning 
cognitive functions as based on formal intelligence testing. (J Thorac 
Cardiovasc Surg 1997;114:578-85) 
A s advances in pediatric cardiovascular surgery over the past 35 years 1' 2 have allowed the repair 
of congenital heart defects at increasingly ounger 
ages, as well as a dramatic reduction of mortality 
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and cardiac morbidity, 3 neurologic dysfunction and 
developmental sequelae after pediatric cardiac op- 
erations have become an important area of concern. 
Perioperative vents, including the support tech- 
niques cardiopulmonary bypass (CPB) and deep 
hypothermic irculatory arrest (DHCA) in combi- 
nation with preoperative and postoperative factors, 
are assumed to influence later developmental out- 
come in a complex manner. 4' 5 
Neonates with transposition of the great arteries 
undergoing the arterial switch operation (ASO) 
comprise a group receiving a homogeneous treat- 
ment regimen. This facilitates evaluation of later 
neurologic and developmental functions with regard 
to preoperative, perioperative, and postopera- 
tive events. Recent investigations 4' 6-8 have related 
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mainly to patients younger than 2 years of age. Less 
information is available concerning children of pre- 
school and school age. Assessments in older chil- 
dren, however, should reveal more clearly differ- 
ences in neurologic and developmental sequelae 
compared with normal children. 8
The purpose of our study was to evaluate neuro- 
logic, cognitive, and motor  development in children 
3 to 9 years after neonatal ASO for transposition of 
the great arteries and to compare their development 
with that of normal children. Information should be 
obtained as to which factors in preoperative, peri- 
operative, and postoperative management influence 
later outcome and to what degree neonatal surgery 
performed with DHCA and with CPB by itself may 
cause neurologic and developmental impairment. 
Methods 
Patient population. Between March 1986 and February 
1992, 96 newborn infants with transposition of the great 
arteries underwent the ASP. Total mortality was 7.3%, 
but it was only 5.4% in the 56 patients operated on from 
1990 to 1992. 
This study was designed as a ease series with published 
controls and prognostic factor analyses. The study group 
comprised 77 unselected children (86.5% of the survi- 
vors), 71.4% of whom were male and 28.6% female. 
Interviews with their parents revealed a middle-class 
population without signs of important socioeconomic 
differences between the families. The children who did not 
participate in the study were not different from the study 
patients concerning their socioeconomic background; par- 
ticipation was determined mainly by the distance of the 
family's residence from our institution. Telephone calls 
with the parents of nonparticipating patients, as well as 
systematically collected written reports from their treating 
pediatric ardiologists since infancy, suggested that their 
neurodevelopmental outcome was no worse than that of 
the participants in the study. 
Birth weight was 3.49 +_ 0.5 kg (mean + standard 
deviation [SD]). Of these patients, 71.4% had a simple 
transposition of the great arteries, 19.5% had, in addition, 
an unimportant ventricular septal defect, 3.9% had a 
ventricular septal defect closed during the ASO, and 5.2% 
had a coarctation of the aorta corrected at a later date. 
Among these neonates, 84.4% had undergone atrial bal- 
loon septostomy, and 97.4% had been treated with pros- 
taglandin E1 before the operation. 
Ages at the time of the neurologic and developmental 
examination ranged from 3.2 to 9.4 years (5.4 ± 1.6 years, 
mean _± SD). 
Surgical management and perfusion methods. ASO 
was performed in our institution by two surgeons accord- 
ing to a standardized technique based on the Lecompte 
modification with DHCA and combined low-flow CPB. 
After introduction of general anesthesia, core cooling on 
CPB was instituted to reach an esophageal temperature of
14 ° to 17°C (15.1 ° _+ 1.0 ° C). The temperature of the 
Table I. Preoperative, perioperative and 
postoperative course--Risk factors for 
development outcome 
Risk Factor Definition 
Duration of DHCA 
Duration of CPB 
Duration of core cooling 
on CPB 
Temperature at initiation 
of DHCA 
Perinatal asphyxia Apgar score <7 after 5 minutes 
Perioperative and postop- Low cardiac output* despite ade- 
erative cardiocirculatory quate filling pressures and ino- 
insufficiency tropic and vasodilato~ therapy 
Perioperative and postop- Necessity ofpharmacologic and/or 
erative resuscitation mechanical resuscitation 
events 
Postoperative plexal or Evaluation by means of preopera- 
intraventricular cerebral tive and postoperative cranial 
hemorrhage ultrasonographic examination i
all patients 
*Low cardiac output = clinically estimated bymeans of arterial pressure 
(target value for mean pressure 45 mm Hg), central venous pressure 
(target value 5 to 7 mm Hg), diuresis (target value >1.5 mI/kg of body 
weight per hour), capillary refill time, and skin temperature. 
priming fluid was 20 ° to 22 ° C. Priming solution consisted 
of a pH-balanced crystatloid solution containing 5% glu- 
cose and packed red cells to achieve ahematocrit value of 
the circulating volume of 0.25. The duration of core 
cooling ranged from 7 to 20 minutes (10.6 + 2.6 minutes). 
Duration of DHCA ranged from 51 to 70 minutes (60.1 -+ 
4.5 minutes), and total CPB including core rewarming 
time comprised 41 to 116 minutes (63.7 z 15.2 minutes). 
Low-flow perfusion rate was 0.7 L/m 2 body surface area 
per minute. During CPB, the pH-stat method was 
used,9, 1o correcting arterial carbon dioxide tension to the 
patient's hypothermic temperature tomaintain apH value 
of 7.40. At the beginning of CPB, phentolamine (0.1 
mg/kg) and, since 1990, sodium nitroprusside was added 
for vasodilatation, and dexamethasone (3 mg/m 2 body 
surface area) was given to prevent cerebral edema. 
The age at repair for the study group ranged from 2 to 
39 days (7.0 + 4.6 days). Two patients were older than 12 
days. 
Preoperative, perioperative, and postoperative course. 
The patients' charts were carefully reviewed with respect 
to perioperative management, as well as preoperative, 
perioperative, and postoperative complications. For the 
analysis of the influence of risk factors on later outcome, 
a list of definite variables, available in all patients, was 
considered (Table I). 
Neurologic examination. Complete clinical neurologic 
status was evaluated by an examiner experienced in 
neuropediatric examinations. Results were classified as 
normal or impaired. Neurologic dysfunction was diag- 
nosed in those patients who had the following abnormal- 
ities: cerebral palsy, seizures, ataxia, alteration of muscu- 
lar tone, microcephaly, or hydrocephalus. 
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Table II. Neurologic dysfunction after ASO 
according to the type 
Type of dysfunction No. % 
Dysfunction in total* 7 9.t 
Cerebral palsy 4 5.2 
Ataxia 3 3.9 
Clinical seizures 2 2.6 
Alteration of muscular tone 2 2.6 
Microcephaly 1 1.3 
Hydrocephalus 1 1.3 
*More than one type of dysfunction possible in one child. 
Developmental testing. All assessments were con- 
ducted by the same examiner on two consecutive days in 
our institution. Some assessments were not performed in 
all the children because of age limitation, physical disabil- 
ity (e.g., cerebral palsy), or lack of cooperation, as ex- 
plained in the context. 
Quantitative standardized tests. The Kaufman Assess- 
ment Battery for Children, 11 standardized for children 2.5 
to 12.5 years of age, consisting of two separate test blocks 
to evaluate standard scores of intelligence (intelligence 
quotient) (n = 77) as well as standard scores of acquired 
abilities (learning, knowledge) (n = 71, since six children 
uncooperative), was administered in the whole cohort. 
The vocabulary test as a subtest of the Kaufman Assess- 
ment Battery for Children, limited to children 2.6 to 4.11 
years of age, assessing power of memory and expressive 
skills, was administered in 46 children. 
The Kiphard and Schilling Body Coordination Test, 12 
standardized for children 5.0 to 14.11 years of age, assess- 
ing standard scores of gross motor function (motor quo- 
tient), was administered in 37 children. 
The aforementioned tests are normalized for age to 
have a mean of 100 and an SD of 15. Dysfunction was 
diagnosed when standard scores were below the simple 
SD (< -1 SD, standard scores < 85). 
Semiquantitative tests. The Denver Developmental 
Screening Test, 13 limited to children up to 6 years of age, 
which evaluates fine motor and gross motor functions, was 
administered in 56 children. Dysfunction was diagnosed 
when the test results were reduced more than 50% related 
to the child's chronologic age. 
Parts of the Frostig Developmental Test of Visual 
Perception, TM limited to children 4 to 10 years of age, 
examining visual perception and fine motor function, were 
performed in 33 patients. Dysfunction was diagnosed 
when the results of the subtests were below the simple SD 
(< -1 SD). 
Developmental test results in the patients were com- 
pared with the published results in an age-matched nor- 
mal German-speaking population on whom the tests or 
their German adaptations are based. For quantitative 
standardized tests, the incidence of abnormal results in a 
normal population is by definition 16% (-1 SD > 14% > 
-2 SD and 2% < -2 SD). 
Statistical analysis. The outcomes included both cate- 
goric and continuous variables. Each patient's results of 
all quantitative and semiquantitative t sts applied were 
summarized in categoric variables---normal function or 
dysfunction--concerning telligence, fine motor func- 
tions, and gross motor functions. In those instances in 
which more than one test was used to assess a develop- 
mental topic (e.g., gross motor function), dysfunction was 
diagnosed when dysfunction range was reached in each 
test. 
Statistical analysis of developmental outcome com- 
pared with normal children and compared with preoper- 
ative, perioperative, and postoperative factors was based 
on the standardized test scores by means of categoric and 
continuous variables. Results were expressed by the mean 
value +_ SD of the mean or in percentages. 
The Fisher exact test was used to analyze categoric 
variables. Wilcoxon rank-sum tests and correlation anal- 
yses (Spearman correlation coefficients) were used to 
analyze continuous variables. Multivariable analysis by 
means of a multiple regression model was carried out to 
define clinically relevant influencing factors associated 
with later developmental impairment. Variables were 
selected by a forward selection procedure. 
In this study p values less than 0.05 were considered 
significant and p values between 0.05 and 0.09 were 
considered to have a tendency toward significance. 
Results 
Neurologic examination. Neurologic status was 
normal in 90.9% (n = 70) and impaired in 9.1% 
(n = 7) of the children. Percentages of dysfunction 
according to the type are described in Table II. 
Five of the seven children with neurologic abnor- 
malities had had severe preoperative hypoxia, in- 
cluding protracted birth with vacuum extraction and 
a pH value of 7.10 in the umbilical venous blood 
(n = 1), protracted birth at home followed by 
perinatal hypoxia with an Apgar score of 6 after 5 
minutes (n = 1), severe postnatal asphyxia caused by 
myocardial insufficiency, pulmonary edema, and re- 
animation (n -- 1), postasphyxia syndrome with 
renal failure and involvement of liver and brain (n = 
1), and repeated attacks of severe cyanosis caused by 
intracardiac mixing problems (n = 1). 
One child needed a ventricular-peritoneal shunt 
after perioperative intracerebral hemorrhage and 
permanent hydrocephalus. Another  patient had had 
ataxia and muscular hypertonia since the age of 5 
years after acute cerebellar thrombosis of unknown 
origin (see Fig. 1). 
Developmental impairment. Summarizing all test 
results of each patient in categoric variables, re- 
duced intelligence was found in 9.1%: 5.2% were 
below the simple SD and 3.9% were below the 
double SD. Fine motor dysfunction was found in 
22.1% and gross motor dysfunction in 23.4%. In 
total, 74% of all study patients were within normal 
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PREOPERAT VIE HYPOX A [PREOPERATIVE HYPOXIA I 
Hemiplegia Tetraplegia Hydrocephalus 
Seizures 79 months J with Shunt 
66 months (Cerebral haemorrhage) 
65 months 
Hemiplegia Microcephaly Ataxia 
Seizures Muscular Hypotonia Muscular Hypertonia 
Ataxia 92 months (Cerebellar Thrombosis) 
55 months __ 92 months 
Hemiplegia 
Ataxia 
44 months 
Fig. 1. Diagram of neurologic outcome after ASO showing anamnestic data, age at examination, and type 
of impairment of the patients. 
Table IIl, Developmental outcome in children after ASO compared with normal children 
Results (%) ? 
Patient Standard score 
Developmental test group* ± SD Normal Abnormal p Values 
Intelligence quotient A (n = 77) 99.1 ± 14.2 90.9 9.1 0.11 
B (n = 70) 100.8 ± 12.2 94.3 5.7 0.02 
Motor quotient A (n = 37) 88.7 _+ 14.4 67.6 32.4 0.01 
B (n = 34) 90.1 ± 13.5 74.4 25.6 0.06 
Acquired abilities A (n = 71) 97.3 +_ 18.1 70.4 29.6 0.005 
B (n = 65) 99.1 _+ 17.5 73.9 26.1 0.04 
Vocabulary A (n = 46) 96.1 ± 19.5 71.7 28.6 0.04 
B (n = 43) 96.9 +_ 19.9 74.4 25.6 0.10 
*A, All patients; B, patients without neurologic damage. 
~'Normal >-1  SD; abnormal <-1  SD. 
~+P values (two-tailed) calculated by Fisher's exact ests; normal/abnormal results compared with age-matched normal children (standard score ~- SD - 100 -+ 
15). 
limits with regard to cognitive and motor develop- 
ment, as well as neurologic status. 
Standardized developmental tests in comparison 
with normal children. Patients were considered ei- 
ther as a whole group (group A) or as a subgroup 
comprising patients without neurologic damage 
(group B) to evaluate whether neurologic dysfunc- 
tion might be associated with other developmental 
dysfunctions. The results of the four standardized 
developmental tests to evaluate intelligence quo- 
tient, motor quotient, acquired abilities, and vocab- 
ulary are shown in Table III. 
Intelligence quotient was not different from nor- 
mal in patients of group A (p = 0.11) and was even 
significantly better in patients of group B (p = 0.02). 
Gross motor function (motor quotient) was sig- 
nificantly poorer in patients of group A (p = 0.01) 
and tended to be poorer in patients of group B (p = 
0.06). Vocabulary was significantly poorer in pa- 
tients of group A (p = 0.04), but not so in those of 
group B (p = 0.10). 
Acquired abilities were significantly poorer in 
both patient groups (A: p = 0.005; B: p = 0.04). 
Influences of preoperative, perioperative, and 
postoperative parameters on developmental test 
results. There was a weak, but significantly negative 
correlation between the intelligence quotient and 
the duration of CPB (Spearman -0.25, p = 0.03), 
whereas a tendency toward significance was found 
between intelligence quotient and the duration of 
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Fig. 2. Plot of the relation between intelligence quotient (IQ) at the time of examination and duration of 
CPB in 77 patients showing aweak, but significantly negative correlation: Spearman correlation coefficient 
(Spearman coefficient) -0.25, p value (P) 0.03. The solid line represents the mean value, and the dashed 
lines represent the simple (-+1 SD) and double (_+2 SD) SDs, respectively. 
Table IV. Correlation analysis between perioperative parameters and developmental test results 
Intelligence Motor Acquired 
quotient quotient abilities Vocabulary 
Pe~ioperative 
parameter Mean ++_ SD Sp* P? Sp* P? Sp* P~ Sp* P? 
Temperature at 15.1 _+ 1.0 -0.02 0.86 -0.05 0.78 -0.02 0.89 0.06 0.72 
initiation of 
DHCA (°C) 
Duration of 10.6 + 2.6 0.007 0.95 -0.11 0.95 0.13 0.30 -0.01 0.95 
core cooling 
(min) 
Duration of 60.1 _+ 4.5 -0.21 0.07 0.06 0.73 -0.03 0.78 -0.05 0.73 
DHCA (min) 
Duration of 63.7 _+ 15.2 -0.25 0.03 -0.24 0.16 0.20 0.10 -0.14 0.34 
CPB (min) 
Number of patients as shown in Table lII. Boldface numbers signify correlations that are statistically significant or have a tendency to significance. 
*Sp, Spearman correlation coefficient. 
tp, p values calculated by correlation analysis. 
DHCA (Spearman -0.21, p = 0.07). No correlation 
was found between intelligence quotient and core 
cooling time or degree of hypothermia. Fig. 2 shows 
the correlation between intelligence and duration of 
CPB. 
A similar but not statistically significant correla- 
tion was calculated between the motor quotient and 
the duration of CPB (Spearman -0.24, p = 0.16). 
No correlation was found between motor quotient 
and the other perioperative parameters. No signifi- 
cant correlation was found between acquired abili- 
ties and vocabulary on the one hand and the peri- 
operative parameters on the other hand. Details are 
given in Table IV. 
Multivariable analysis by means of multiple re- 
gression was able to confirm a weak but significant 
correlation of intelligence quotient o duration of 
CPB (R 2 = 0.10, p = 0.006) and a tendency toward 
significance between intelligence quotient and dura- 
tion of DHCA (R 2 = 0.13,p = 0.09). 
No correlation was found between the variables 
perinatal asphyxia, perioperative and postoperative 
cardiocirculatory insufficiency, perioperative and 
postoperative resuscitation events, and plexal or 
intraventricular cerebral hemorrhage and the test 
results. 
Year of operation and age at testing had no 
recognizable influence on the test results. 
Discussion 
Our data are based on a homogeneous group of 
neonates with transposition of the great arteries in 
whom preoperative, perioperative, and postopera- 
tive care was conducted according to standardized 
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protocols. Developmental follow-up data were pro- 
spectively evaluated in a high percentage (86.5%) of 
unselected surviving children. 
In univariable and multivariablc analyses the out- 
come data were correlated to retrospectively col- 
lected perioperative ariables. Compared with nor- 
mal children, children who underwent ASO had 
reduced clinical neurologic status: 9% of the chil- 
dren had neurologic impairment. The incidence of 
specific abnormalities such as cerebral palsy and 
focal abnormalities beyond the first year after the 
operation is similar to that reported in follow-up 
studies of other study groups. 4'6 The incidence of 
neurologic impairment, however, is lower than in a 
series of 154 patients examined I year after neonatal 
ASO. s in which definite abnormalities were detected 
in 31% and possible abnormalities in 3%. This 
difference may be caused by the fact that in our 
series with older children definite neurologic dys- 
function and unspecific gross motor impairment 
could be better differentiated from each other. 
Intelligence after ASO was not lessened in our 
patients compared with normal children. The fact 
that intelligence was significantly better when pa- 
tients with neurologic damage were excluded sug- 
gests that neurologic dysfunction is associated with 
reduced intelligence. The normal results of intelli- 
gence assessment are especially encouraging consid- 
ering the reduced results after atrial repair of trans- 
position of the great arteries 15' 26 which, of course. 
include a significant preoperative morbidity. Al- 
though no other studies of cognitive function in 
preschool or school-aged children after neonatal 
ASO have been published, a recent report on men- 
tal developmental scores of 155 patients 1year after 
neonatal ASO demonstrated results considerably 
below population norms, s In contrast, standard 
scores of intelligence after neonatal ASO were 
within normal parameters in 24 patients at a mean 
age of 2.1 years 6and in 28 patients. 10 of whom were 
older than 30 months. 4 
Fine motor dysfunction (22.1%) and gross motor 
dysfunction (23.4%) in our patients, as judged on 
the basis of all tests applied, was more prevalent 
than in the normal population. Reduction of psy- 
chomotor development in young children after neo- 
natal ASO was reported in 25%, 6 and in a recent 
study of children 1 year after ASO mean scores for 
the psychomotor developmental index were 1 SD 
lower than population orms, s No comparable data 
on motor development after neonatal ASO in pre- 
school and school-aged children are yet available. 
Vocabulary as a part of language and acquired 
abilities were significantly poorer in our patients 
than in normal children. Those tests cannot be 
evaluated free from speech and also from socioeco- 
nomic status, which is known to influence develop- 
mental outcome after cardiac surgery. ~7 
Special examinations concerning the socioeco- 
nomic status of the patients had not been per- 
formed. In Germany, socioeconomic data are diffi- 
cult to define by objective means because of 
restrictive data protection regulations. Interviews 
with the children's parents, as well as information 
from their pediatricians, however, revealed no se- 
vere social differences between the families and lead 
to the assumption that the cohort represented an 
even level of socioeconomic status. 
The factors influencing neurologic and develop- 
mental outcome after neonatal cardiac surgery are 
complex and probably involve the interactions of 
preoperative, perioperative, and postoperative pa- 
rameters.3, 5 Although damage to the brain is be- 
lieved to occur mainly during or immediately after 
the operation, some impairment can be caused by 
preoperative illness]' 18, 19 An association between 
preoperative hypoxia or acidosis and cognitive func- 
tion after neonatal ASO had not been found in 
another study. 4
In our patients preoperative clinical status, peri- 
operative complications, and postoperative course 
had not been prospectively evaluated. Thus correla- 
tion analysis comparing them with outcome vari- 
ables must be interpreted with caution. However, 
the importance of preoperative morbidity is under- 
lined by the fact that five of the seven children in our 
patient group with neurologic abnormalities had 
had severe preoperative hypoxemia. 
In our study, emphasis placed on the relation of 
the carefully documented details of operative sup- 
port techniques to the outcome variables tudied. 
These techniques, which include CPB, deep hypo- 
thermia, and DHCA, have been considered as im- 
portant causes of cerebral injury. 2°' 21 
The risks of CPB comprise the exposure to par- 
ticulate or gaseous microemboli potentiating the 
risk of cerebral infarction and increasing the likeli- 
hood of developmental impairment, especially of 
cognitive functions and language. 3 In our series, 
longer duration of CPB only marginally increased 
the risk of intellectual impairment, whereas asignif- 
icant effect on gross motor dysfunction could not be 
evaluated, perhaps because too few patients were 
examined. 
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Hypothermia, obtained by surface cooling and 
core cooling during CPB, causes loss of cerebral 
autoregulation 19'22 and may increase the risk of 
cerebral hypoxia leading to strokes or seizures. 
Factors influencing cerebral protection during the 
institution of hypothermia nclude the degree and 
duration of cooling and pH management during the 
cooling period. Duration of core cooling is reported 
to be related to intellectual development. 4' 23 In our 
study group, duration of core cooling ranged from 7 
to 20 minutes (mean 10.6 minutes), and we could 
not demonstrate a statistically significant influence 
on developmental outcome variables. The degree of 
hypothermia, quite homogeneous in our series, had 
no influence on the outcome. The narrow range of 
both duration and degree of hypothermia, however, 
might have masked an association to outcome pa- 
rameters. 
Conflicting data exist concerning the management 
of pH and carbon dioxide tension during CPB. 3' 9, 10 
In the so-called pH-stat method, arterial carbon 
dioxide tension is corrected to the patient's hypo- 
thermic temperature to maintain apH value of 7.40, 
resulting in cerebral vasodilatation and increased 
cerebral blood flow, as well as in an increased risk of 
higher brain pressure and microembolization. In the 
alpha-stat method, arterial carbon dioxide tension is 
not corrected to the patient's temperature, r sulting 
in cerebral vasoconstriction, reduced perfusion pres- 
sure, and possibly imbalance of brain cooling. In a 
former study, lower carbon dioxide tension (alpha- 
stat) was found to be associated with reduced cog- 
nitive outcome compared with the pH-stat method. 9 
In our institution, the pH-stat method was always 
used. 
DHCA with core temperatures of 15 ° to 20 ° C and 
periods of total arrest of 30 minutes are accepted as 
safe. Times of 45 to 65 minutes, however, are 
believed by some to eventually cause cerebral dam- 
age.19, 2i, 24 
Recently, in the Boston Circulatory Arrest 
Study,r, 8 less good results concerning neurologic 
and developmental outcome after neonatal ASO 
were reported in the circulatory arrest group com- 
pared with the patients predominantly treated with 
CPB. A higher incidence of clinical seizures and of 
ictal activity on the electroencephalogram, as well as 
greater elease of the brain isoenzyme of creatine 
kinase as an indicator of damage to cerebral tissue 
shortly after the operation, was found. One year 
after the operation, a higher isk of delayed motor 
development and neurologic abnormalities was doc- 
umented in the circulatory arrest group than in the 
tow-flow CPB group. In some studies, the incidence 
of developmental deficits was related to the duration 
of DHCA, 25' 26 whereas in other studies uch asso- 
ciation was not found. 4' 2o, 27-3o In our study there 
was a tendency toward significance between longer 
duration of DHCA and decreased intelligence. The 
narrow range of our DHCA times (between 51 and 
70 minutes), however, might have masked etection 
of a more significant correlation. 
In conclusion, the present study points out that 
neurologic impairment, dysfunction in motor and 
acquired abilities, as well as decreased vocabulary in
preschool and school-aged children after neonatal 
ASO are more frequent han in a normal popula- 
tion, whereas reduced intelligence as based on for- 
mal intelligence testing is not. Careful neurologic 
and developmental assessment in infants and chil- 
dren after neonatal ASO is necessary. 
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